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,Q WKH WUDQVSRUWDWLRQ VHFWRUV VXFK DV DXWRPRWLYH DQG
DYLDWLRQOLJKWZHLJKWGHVLJQLVDSHUPDQHQWLVVXHEHFDXVH
DUHGXFWLRQLQWKHPDVVRIDQ\YHKLFOHOHDGVWRDKLJKHU
HIILFLHQF\DQGORZHUIXHOFRQVXPSWLRQ%XWDOVRLQRWKHU
VHFWRUV GHDOLQJ ZLWK QRQGULYHQ SURGXFWV VXFK DV
DUFKLWHFWXUHRUFRQVWUXFWLRQHQJLQHHULQJPDWHULDOVDYLQJ
LVRQHRIWKHPRVWHIIHFWLYHZD\VWRVDYHHQHUJ\EHFDXVH
WKHOLIHF\FOHRIDOPRVWHYHU\SURGXFWLQYROYHVSURFHVVHV
ZLWK PDVV GHSHQGHQW HQHUJ\ FRQVXPSWLRQ OLNH HJ
PDWHULDO SURGXFWLRQ DQG WUDQVSRUWDWLRQ >@$ FKDOOHQJH
LQ WHUPVRIHQHUJ\DQGPDWHULDOHIILFLHQWPDQXIDFWXULQJ
RI SURGXFWV LV LQ SDUWLFXODU WKH LQFUHDVLQJ ZLVK IRU
LQGLYLGXDOL]HGSURGXFWVDULVLQJLQWKHODVWGHFDGHV,QWKH
DUFKLWHFWXUH DQG FRQVWUXFWLRQ VHFWRU WKLV WUHQG LV RIWHQ
H[SUHVVHGLQFRPSOH[VKDSHGIUHHIRUPEXLOGLQJV
7R HQVXUH D PD[LPXP IUHHGRP LQ WKH DUFKLWHFWXUDO
GHVLJQ D UHVWULFWLRQ RQ XVDEOH SDUW JHRPHWULHV LV
XQGHVLUDEOH 7KXV WKH LQGLYLGXDOL]DWLRQ RI FRPSRQHQWV
LV DQ HVVHQWLDO UHTXLUHPHQW $FFRUGLQJ WR WKH UHVXOWLQJ
FRPSOH[ VKDSHV DQG WKH ODUJH DPRXQW RI LQGLYLGXDO
FRPSRQHQWV WKHUH LV D ODFN RI LQQRYDWLYH DQG IOH[LEOH
FRQVWUXFWLRQDQGPDQXIDFWXULQJPHWKRGV

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PHWKRGVIRUIUHHIRUPEXLOGLQJVWKH\DUHXVXDOO\UHDOL]HG
ZLWK FXVWRPL]HG VROXWLRQV WKDW RIWHQ LQFOXGH PDVVLYH
PDWHULDOLQWHQVLYH VXEVWUXFWXUHV ZKLOH WKH YLVLEOH VNLQ
KDVQHLWKHUVWUXFWXUDOQRUIXQFWLRQDOSURSHUWLHV>@
,QWKLVFRQWH[WWKHSUHVHQWSDSHUSUHVHQWVUHFHQWZRUN
DW WKH ,QVWLWXWH RI 0HWDO )RUPLQJ DQG WKH &KDLU RI
6WUXFWXUHV DQG 6WUXFWXUDO 'HVLJQ RI 5:7+ $DFKHQ
8QLYHUVLW\RQDGHVLJQPDQXIDFWXULQJDQGFRQVWUXFWLRQ
FRQFHSWIRUVHOIVXSSRUWLQJOLJKWZHLJKWVWUXFWXUHVIRUWKH
UHDOL]DWLRQ RI IUHHIRUP VXUIDFHV 7KLV FRQFHSW LV
LQWHJUDWLQJ ORDGEHDULQJ IXQFWLRQDO SURSHUWLHV DQG
IDoDGHGHVLJQLQRQHXQLWXVLQJPXOWLOD\HUHGVWUXFWXUHV
JHQHUDWHGZLWKWKHSULQFLSOHVRIWHVVHOODWLRQDQGIROGLQJ
7HVVHOODWLRQV VXEGLYLGH D VXUIDFH LQWR D PHVK RI
VLPSOHHOHPHQWV VXFKDV HJ WULDQJOHV7KHSULQFLSOHRI
IROGLQJ UHLQIRUFHV WKH VXUIDFH WR D VHOIVXSSRUWLQJ
VWUXFWXUH>@
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7KHQRYHODSSURDFKXWLOL]HVWKHPHFKDQLFDOSK\VLFDO
DQGYLVXDOSURSHUWLHVRIVKHHWPHWDOV7KLVZD\LWKHOSV
WRDYRLGPDWHULDOLQWHQVLYHVXSSRUWLQJVWUXFWXUHV
7KHSDSHUSUHVHQWVLQSDUWLFXODUDUHFHQWSURMHFWEDVHG
RQ WKH SULQFLSOH RI PXOWLOD\HU IROGLQJ LQFOXGLQJ WKH
UHDOL]DWLRQRIDSURWRW\SHEXLOGLQJDQGWKHFRUUHVSRQGLQJ
PDQXIDFWXULQJFKDLQ
7KHODUJHSDUWGLPHQVLRQVLQDUFKLWHFWXUDODSSOLFDWLRQ
DQGWKHFRPSOH[DQGYDU\LQJSDUWJHRPHWULHVQHFHVVLWDWH
IOH[LEOHPDQXIDFWXULQJSURFHVVHVWKDWFDQEHDSSOLHGWRD
EURDGVFRSHRIGLIIHUHQWJHRPHWULHVDQGGLPHQVLRQV7KH
SURFHVV SRUWIROLR FRYHULQJ DOO WKH QHHGV IRU WKH
PDQXIDFWXULQJ RI WKH UHTXLUHG FRPSRQHQWV LQFOXGHV
PLOOLQJ RI JHRPHWU\VSHFLILF WRROLQJ LQFUHPHQWDO VKHHW
IRUPLQJ RI FRPSOH[ FRPSRQHQWV ODVHU FXWWLQJ IRU
WULPPLQJ RI FRQWRXUV DQG MRLQLQJ GHWDLOV DV ZHOO DV
EHQGLQJ SURFHVVHV IRU IROGHG HGJHV 7KH LQFUHPHQWDO
VKHHW IRUPLQJ SURFHVV ,6) LV WKH HVVHQWLDO FRPSRQHQW
RI WKH PDQXIDFWXULQJ FKDLQ ,6) LV D IOH[LEOH IRUPLQJ
SURFHVV IRU VPDOO EDWFK SURGXFWLRQ DQG SURWRW\SHV GXH
WRWKHYHU\ORZWRROLQJHIIRUW>@DQGWKXVLWHQDEOHVWKH
SURGXFWLRQ RI WKH FRPSOH[ ODUJHVL]H LQGLYLGXDOL]HG
FRPSRQHQWVRIWKHIROGHGVWUXFWXUDOFRUHOD\HU
,Q RUGHU WR GHYHORS D WHFKQLFDOO\ DQG HFRQRPLFDOO\
YLDEOH PDQXIDFWXULQJ FKDLQ IRU WKH FRPSOH[ LQGLYLGXDO
FRPSRQHQWV DOO VLQJOH SURFHVVHV DQG HVSHFLDOO\ WKHLU
LQWHUDFWLRQVZHUHUHJDUGHGDQGRSWLPL]HG7KHUHIRUHWKH
LQWHJUDWLRQ RI VHYHUDO PDQXIDFWXULQJ VWHSV LQWR RQH
FRQFHUWHGPDFKLQHVHWXSDVZHOODVWKHRSWLPL]DWLRQRI
SDUW WUDQVIHU EHWZHHQ VLQJOH GHGLFDWHG PDFKLQHV
HVSHFLDOO\ UHJDUGLQJ WKH UHRULHQWDWLRQ LQ WKH PDFKLQH
FRRUGLQDWH V\VWHP DQG IHDVLEOH SDUW FODPSLQJ ZDV
DGGUHVVHG 7KH UHVHDUFK ZRUN FDUULHG RXW ZDV
IXUWKHUPRUH EDVHG RQ DQ LQWHUGLVFLSOLQDU\ VLPXOWDQHRXV
HQJLQHHULQJDSSURDFK LQRUGHU WR IDFLOLWDWH DSURGXFWLRQ
DQG DVVHPEO\ RULHQWHG GHVLJQ DQG GHWDLOLQJ SURFHGXUH
,QWKLVFRQWH[WDOOQHFHVVDU\VWHSVIURPWKHLQLWLDOGHVLJQ
WRWKHILQDO&$'GDWDDQGLPSRUWDQWVSHFLILFSURGXFWLRQ
DQGDVVHPEO\UHTXLUHPHQWVKDGEHHQLPSOHPHQWHGLQDQ
DXWRPDWHGVRIWZDUHWRRO
,QQRYDWLYHVHOIVXSSRUWLQJIUHHIRUPVWUXFWXUHV
7KH QHZO\ GHYHORSHG FRQFHSW IRU VHOIVXSSRUWLQJ
IUHHIRUP VWUXFWXUHV DLPV PDLQO\ DW DSSOLFDWLRQV LQ WKH
DUFKLWHFWXUH DQG FRQVWUXFWLRQ VHFWRU 7KHUHIRUH WKH
DVSHFWV GHYHORSHG LQ WKH FRQWH[W RI WKH FRUUHVSRQGLQJ
UHVHDUFKSURMHFWKDYHEHHQWHVWHGDQGRSWLPL]HGZLWKWKH
UHDOL]DWLRQRIDSURWRW\SHEXLOGLQJ
%DVHG RQ WKH ILUVW GHVLJQ VNHWFK RI WKH SURWRW\SH
EXLOGLQJDOOGHWDLOVRI WKHVHOIVXSSRUWLQJVWUXFWXUHZHUH
JHQHUDWHGXVLQJDFXVWRPGHYHORSHGVRIWZDUHWRRO
7KH FRPSOHWHO\ HODERUDWHG GHVLJQ RI WKH SURWRW\SH
EXLOGLQJFRYHUVDJURXQGDUHDRIPðDQGKDVDKHLJKW
RIPVHH)LJ



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P
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)LJ6NHWFKRIWKHSURWRW\SHEXLOGLQJRIDVHOIVXSSRUWLQJIUHHIRUP
URRIVWUXFWXUH
2.1. Self-supporting structures using tessellation and 
folding 
7KH GHYHORSHG FRQFHSW IRU WKH VWLIIHQLQJ RI D ODUJH
VXUIDFHWREHFRPHDVHOIVXSSRUWLQJVWUXFWXUHLVEDVHGRQ
DFRPELQDWLRQRIWHVVHOODWLRQDQGIROGLQJ
)LUVWRIDOOZLWK WKH WHVVHOODWLRQ WKHRXWHUVXUIDFH LV
DSSUR[LPDWHG WKURXJK D PHVK RI QXPHURXV VLPSOH IODW
HOHPHQWV,QWKLVFDVHWULDQJOHVKDYHEHHQXVHGWKDWYDU\
LQ VKDSH DQG VL]H DQG WKXV DV DPHUJHG FROOHFWLYH FDQ
DGDSWWRDQ\DUELWUDU\VXUIDFHJHRPHWU\VHH)LJ
7KH JHQHUDWHG FRYHU OD\HU DSSUR[LPDWHV TXLWH ZHOO
WKHRULJLQDOGHVLUHGVKDSHRIWKHVXUIDFHDQGDGGLWLRQDOO\
IXOILOOV W\SLFDO UHTXLUHPHQWV RI D EXLOGLQJ VNLQ VXFK DV
ZDWHUGUDLQDJH


)LJ$SSUR[LPDWLRQRIDIUHHIRUPVXUIDFHXVLQJWKHSULQFLSOHRI
WHVVHOODWLRQ
$V D VHFRQG VWHS WRZDUGV D VHOIVXSSRUWLQJ
FKDUDFWHULVWLFDVWLIIHQLQJRIWKHVXUIDFHLVQHFHVVDU\E\
PHDQV RI LQFUHDVLQJ LWV JHRPHWULFDOPRPHQW RI LQHUWLD
)RU WKLV SXUSRVH WKH FURVVVHFWLRQDO SURILOH PXVW EH
PRGLILHG LQ DQ DGHTXDWH PDQQHU (QODUJLQJ WKH FURVV
VHFWLRQ E\ WKH XVH RI ELJJHU PDWHULDO WKLFNQHVVHV LV
SUREDEO\WKHHDVLHVWZD\EXWLWZRXOGUHVXOWLQDVHYHUH
LQFUHDVH LQ PDWHULDO FRQVXPSWLRQ +RZHYHU D VPDUWHU
DQG PRUH HIILFLHQW VROXWLRQ LV WR EXLOG D VSDWLDO
IUDPHZRUNDORQJWKHFXUYHGIUHHIRUPVXUIDFH$VSDWLDO
IUDPHZRUNFUHDWHVDKLJKJHRPHWULFDOPRPHQWRILQHUWLD
ZLWK D FRPSDUDWLYHO\ ORZ PDWHULDO FRQVXPSWLRQ DQG
ZHLJKW
,Q RUGHU WR JHQHUDWH WKH VSDWLDO IUDPHZRUN D SRLQW
IROGLQJLVFDUULHGRXWEDVHGRQWKHPHVKRIWKHWULDQJOH
FRUQHU SRLQWV LQ WKH FRYHU OD\HU 7KH UHVXOWLQJ VHFRQG
OD\HURIWKHVWUXFWXUHFRQVLVWVRIVL[VLGHGS\UDPLGVVHH
)LJ
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
)LJ&UHDWLQJDSRLQWIROGHGVWUXFWXUHVHFRQGOD\HUEDVHGRQWKH
SRLQWPHVKRIWKHWULDQJOHVILUVWOD\HU
:KHQ ERWK OD\HUV DUH PHUJHG WKH WRS RI HDFK
S\UDPLG LV WRXFKLQJ WKH FRUUHVSRQGLQJ SRLQW RI WKH
WULDQJOHV 7KH UHVXOWLQJ FRPELQDWLRQ RI ERWK OD\HUV
EXLOGV D VSDWLDO IUDPHZRUN LQ ZKLFK WKH HGJHV RI WKH
WULDQJOHVDQGS\UDPLGVUHSUHVHQWWKHEHDPV
,Q JHQHUDO WKHUH DUH PDQ\ GLIIHUHQW ZD\V RI
FRPELQLQJWHVVHOODWLRQDQGIROGLQJWRUHLQIRUFHVXUIDFHV
%HVLGHV WKH FRPELQDWLRQ RI RQH OD\HU RI S\UDPLGV DQG
RQH OD\HURI IODWHOHPHQWV WKH IROGHGVWUXFWXUHFDQDOVR
EHFRPSRVHGRIWZROD\HUVRIS\UDPLGV7KHS\UDPLGVDV
ZHOODVWKHIODWHOHPHQWVFDQEHVLGHGVLGHGVLGHG
DQG VR RQ >@ )LJ  VKRZV IHZ H[DPSOHV RI SRVVLEOH
OD\HUFRPELQDWLRQVIRUIROGHGVWUXFWXUHV


)LJ([DPSOHVIRUSRVVLEOHHOHPHQWFRPELQDWLRQVIRUIROGHG
VWUXFWXUHVEDVHGRQWHVVHOODWHGVXUIDFHV
7KHXWLOL]HGFRPELQDWLRQRIVLGHGS\UDPLGVDQG
VLGHG IODW HOHPHQWV ZDV FKRVHQ GXH WR WKH IROORZLQJ
DGYDQWDJHV
x WULDQJOHV DUH PRVW VXLWDEOH IRU WHVVHOODWLRQ EHFDXVH
WKUHHSRLQWVDUHGHILQLQJDGLVWLQFWVXUIDFH
x IODW HOHPHQWV LQ WKH WRS OD\HU DUH JHQHUDWLQJ DPRUH
KRPRJHQRXVVXUIDFHDQGDOORZIRUEHWWHUSURSHUWLHVRI
DURRIUHJDUGLQJHJWKHGUDLQDJHRIZDWHU
x WKH OD\HU RI IODW HOHPHQWV LV UHGXFLQJ WKH DPRXQW RI
FRPSOH[ FRPSRQHQWV DQG WKXV VLPSOLI\LQJ WKH
SURGXFWLRQ
x KLJK HIILFLHQF\ UHJDUGLQJ WKH UDWLR EHWZHHQ RZQ
ZHLJKWDQGORDGEHDULQJ>@
2.2. Developed software-tool design and elaboration of 
the structure 
7KH VRIWZDUHWRRO GHYHORSHG LQ WKH FRQWH[W RI WKH
GHVFULEHG UHVHDUFK ZRUN FRQGXFWV WKH WHVVHOODWLRQ DQG
IROGLQJ EDVHG RQ WKH GHVLUHG GHVLJQ RI WKH RYHUDOO
VXUIDFH 6XEVHTXHQWO\ WKH JHQHUDWHG VWUXFWXUH LV
DXWRPDWLFDOO\ VXEGLYLGHG LQWR VLQJOH FRQVWUXFWLRQ
FRPSRQHQWV)RUHDFKFRPSRQHQWWKHUHTXLUHGGHWDLOVIRU
PDQXIDFWXULQJ DQG DVVHPEO\ DUH JHQHUDWHG $V RXWSXW
GDWD WKH VRIWZDUHWRRO SURYLGHV FRPSUHKHQVLYH &$'
GDWD RI DOO FRPSRQHQWV WKDW FDQ GLUHFWO\ EH XVHG LQ D
&$'&$0 HQYLURQPHQW IRU WKH &1& SURJUDPPLQJ RI
WKHPDQXIDFWXULQJSURFHVVHV
%H\RQG WKH GHVFULEHG EDVLF IXQFWLRQ WKH VRIWZDUH
SURYLGHV LPSRUWDQW DGGLWLRQDO IXQFWLRQV IRU FRQVLGHULQJ
WKHERXQGDU\FRQGLWLRQVRIWKHSURGXFWLRQDQGDVVHPEO\
LQ RUGHU WR HQVXUH WKH SURGXFLELOLW\ RI DOO FRPSRQHQWV
DQGWRHQDEOHDVXFFHVVIXODVVHPEO\
2QHH[DPSOHLVWKHDGMXVWPHQWRIWKHSDUWGLPHQVLRQV
DFFRUGLQJ WR WKH DYDLODEOH PDFKLQH URRP VSDFHV DQG
VWDQGDUGPDWHULDOVL]HV
$QRWKHU H[DPSOH LV WKH DYRLGDQFH RI SRWHQWLDO
FROOLVLRQVGXULQJWKHIRUPLQJSURFHVVHV)RUWKHDQDO\VLV
RI SRWHQWLDO FROOLVLRQV D JHRPHWULFDO PRGHO RI WKH
EHQGLQJ WRRO LV LPSOHPHQWHG LQ WKH VRIWZDUH DQG D
JHRPHWULFDO FROOLVLRQ DQDO\VLV LV FDUULHG RXW
DXWRPDWLFDOO\IRUDOOEHQGLQJRSHUDWLRQV
7KH DGGLWLRQDO LPSOHPHQWDWLRQ RI WKH VSULQJEDFN
HIIHFW DOORZV IRU D EDVLF RSWLPL]DWLRQ RI WKH EHQGLQJ
SURFHVV GXULQJ WKH HDUO\ SODQQLQJ SKDVH )RU WKLV
SXUSRVH SUHOLPLQDU\ EHQGLQJ H[SHULPHQWV KDYH EHHQ
FDUULHG RXW WR GHWHUPLQH D IDFWRU IRU RYHUEHQGLQJ WR
FRPSHQVDWH VSULQJEDFN :LWK WKLV VSULQJEDFN IDFWRU D
OLQHDU HTXDWLRQ Į Į5. >@ FDQ EH XVHG IRU DQ
DSSUR[LPDWHFDOFXODWLRQRIDFRUUHFWHGDQJOH WKDWKDV WR
EHVHWDWWKHPDFKLQHLQRUGHUWRREWDLQWKHGHVLUHGDQJOH
7KH FRUUHFWHG DQJOHV IRU DOO EHQGLQJ RSHUDWLRQV KDYH
EHHQ DGRSWHG WR WKH SODQQLQJ GDWD RI DOO FRPSRQHQWV
DOUHDG\LQWKHHDUO\SODQQLQJSKDVH
7KH UHTXLUHG LQSXW GDWD IRU WKH LQYHVWLJDWLRQ RI WKH
VWDWLFDQGG\QDPLF ORDGEHDULQJ LVDOVRSURYLGHGE\ WKH
GHYHORSHG VRIWZDUHWRRO %DVHG RQ D VLPSOLILHG VSDWLDO
IUDPHZRUNPRGHORIWKHVWUXFWXUHDURXJKDVVHVVPHQWRI
WKHORDGEHDULQJEHKDYLRUFDQEHSURYLGHGUDSLGO\GXULQJ
WKH GHWDLOLQJ SURFHVV RI WKH GHVLJQ XVLQJ VWDQGDUG
VWUXFWXUDO GHVLJQ VRIWZDUH VXFK DV ³,QIR&DG´ IURP
,QIR*UDSK*PE+
$WDODWHUVWDJHDFRPSUHKHQVLYHDQDO\VLVRIWKHORDG
EHDULQJ FDQ EH FRQGXFWHG E\ PHDQV RI )(6LPXODWLRQ
ZLWK D GHWDLOHG VXUIDFH PRGHO RI WKH VWUXFWXUH DOVR
GHULYHGIURPWKHVRIWZDUHWRRO
(VSHFLDOO\ UHJDUGLQJ WKH GHVFULEHG DGGLWLRQDO
IXQFWLRQV WKH VRIWZDUHWRRO LV D SRZHUIXO VXSSRUW IRU D
KROLVWLF RSWLPL]DWLRQ RI WKH SODQQLQJ SURGXFWLRQ DQG
DVVHPEO\ SURFHGXUHV DQG WKXV HQKDQFHV WKH HQWLUH
GHYHORSHGFRQVWUXFWLRQFRQFHSW
2.3. Joining and assembly concept  
7KHIROGHGOLSVDWDOOHGJHVRIDOOFRPSRQHQWVDUHWKH
EDVLF IHDWXUHV RI WKH MRLQLQJ FRQFHSW %HVLGHV WKH
VWLIIHQLQJ HIIHFW RI WKH IROGHG OLSV WKH\ VHUYH DV MRLQWV
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IRU WKH S\UDPLGV DPRQJ HDFK RWKHU DQG WKH WULDQJOHV
DPRQJHDFKRWKHU
$W WKH FHQWUDO MRLQWV ZKHUH XS WR VL[ WULDQJOHV DUH
FRQQHFWHG WR RQH S\UDPLG VWDUVKDSHG FRQQHFWRU
HOHPHQWV DUHXVHG WKDW FDQDGDSW WR WKHYDU\LQJ VXUIDFH
LQFOLQDWLRQRIWKHWULDQJOHV
)RU WKH GHVFULEHG W\SHV RI MRLQWV GLIIHUHQW MRLQLQJ
WHFKQLTXHV KDYH EHHQ DSSOLHG VHH )LJ  VXFK DV
FRQYHQWLRQDO VFUHZ MRLQWV ULYHWHG QXWV ULYHWV DQG
FOLQFKLQJ

WULDQJXODUFRPSRQHQWV
KH[DJRQDO
S\UDPLGVFRQQHFWRUHOHPHQWV
IROGHG
MRLQLQJOLSV
VFUHZMRLQWV
FOLQFKLQJ	ULYHWV

)LJ([SORGHGYLHZRIFRPSRQHQWVZLWKDQRYHUYLHZRIWKHDSSOLHG
MRLQLQJSULQFLSOHV
7KHPDLQDGYDQWDJHRIWKHGHYHORSHGMRLQLQJFRQFHSW
LV WKH IDFW WKDWQR W\SHRI VXSSRUWRUEDFNLQJ V\VWHP LV
QHHGHG'XHWRWKHORZZHLJKWRIWKHVLQJOHFRPSRQHQWV
DQG WKHVHOIVXSSRUWLQJFKDUDFWHULVWLFRI WKHVWUXFWXUH LW
LVSRVVLEOHWRDVVHPEOHWKHVWUXFWXUHVWHSE\VWHSVWDUWLQJ
IURPWKHWKUHHSLOODUVDVDFDQWLOHYHULQJFRQVWUXFWLRQ
,PSUHVVLRQV IURP WKH ILQDO DVVHPEO\ DQG WKH
FRPSOHWHGSURWRW\SHEXLOGLQJDUHVKRZQLQ)LJ


)LJ)LQDODVVHPEO\RIWKHSURWRW\SHEXLOGLQJ
7KH WKUHH VXSSRUWLQJ SLOODUV KDYH EHHQ OLQNHG ZLWK
WUDYHUVHV DW WKH ERWWRP WR EXLOG D WUDQVSRUWDEOH
IXQGDPHQWZKLFKDOORZVIRUPRYLQJWKHSURWRW\SHIURP
WKH DVVHPEO\ VLWH WR WKH ILQDO ORFDWLRQ ,Q WKH ILQDO
ORFDWLRQ ZKHUH LW LV SUHVHQWHG IRU IHDVLELOLW\
GHPRQVWUDWLRQWKHWUDYHUVHVWUXFWXUHLVHPEHGGHGLQWKH
JURXQG
7KH UHDOL]DWLRQRI WKHSURWRW\SHEXLOGLQJKDVSURYHQ
WKH HIILFLHQF\ RI WKH QHZ OLJKWZHLJKW FRQFHSW IRU
IUHHIRUPVWUXFWXUHVZLWKDVXUIDFHVSHFLILFZHLJKWRIOHVV
WKDQNJPð
0DQXIDFWXULQJRIIUHHIRUPVKHHWPHWDOSDUWV
7KH SURWRW\SH EXLOGLQJ FRQVLVWV RI  LQGLYLGXDO
S\UDPLGV  LQGLYLGXDO WULDQJOHV DQG  LGHQWLFDO
FRQQHFWRU HOHPHQWV VHH )LJ  $OO SDUWV DUH
PDQXIDFWXUHG LQ VWDLQOHVV VWHHO  7KH S\UDPLGV
QH[WWRWKHSLOODUVDUHIRUPHGRIVKHHWPHWDOZLWKPP
WKLFNQHVV WR HQVXUH DQ DGHTXDWH UHLQIRUFHPHQW RI WKH
VXSSRUWLQJ SRLQWV 7KH FRQQHFWRU HOHPHQWV DUH DOVR
VWUHQJWKHQHGXVLQJDVKHHW WKLFNQHVVRIPP)RUDOO
RWKHU S\UDPLGV DQG DOO WULDQJOHV D VKHHW WKLFNQHVV RI
PPKDVEHHQXVHG


)LJ)UDJPHQWDWLRQRIWKHHQWLUHVWUXFWXUHLQWRS\UDPLGVWULDQJOHV
DQGFRQQHFWRUV
)RU WKH LGHQWLFDO VWDUVKDSHGFRQQHFWRUHOHPHQWV
D VLPSOH SURGXFWLRQ XVLQJ ODVHU FXWWLQJ KDV EHHQ
SRVVLEOH
7KH IODW LQGLYLGXDO EODQNV RI WKH  WULDQJOHV KDYH
DOVREHHQSURGXFHGZLWK ODVHU FXWWLQJ6XEVHTXHQWO\ LQ
RUGHU WRFUHDWH WKHQHFHVVDU\VWLIIHQLQJDQGMRLQLQJOLSV
WKHIROGLQJRIWKHWKUHHHGJHVRIHDFKWULDQJOHKDGEHHQ
FDUULHGRXWRQDVZLQJIROGLQJPDFKLQH
7KHSURGXFWLRQRIWKHS\UDPLGVSRVHVWKHELJJHVW
FKDOOHQJH EHFDXVH WKH\ IHDWXUH LQGLYLGXDO DQG FRPSOH[
JHRPHWULHV DV ZHOO DV ODUJH GLPHQVLRQV 7KH ODUJHVW
S\UDPLG MXVW ILWV LQWR D EORFN RI PP OHQJWK
PPZLGWKDQGPPKHLJKW
'XH WR WKH GHVFULEHG FKDOOHQJH WKH UHVHDUFK ZRUN
ZDV IRFXVHGRQ WKH GHYHORSPHQW DQG RSWLPL]DWLRQ RI D
VXLWDEOH IOH[LEOHPDQXIDFWXULQJ FKDLQ IRU WKH S\UDPLGDO
FRPSRQHQWVXVLQJLQFUHPHQWDOVKHHWIRUPLQJ,6)
,QWKH,6)SURFHVVDVKHHWLVIRUPHGLQWRWKHILQDOSDUW
JHRPHWU\ E\ PHDQV RI LQFUHPHQWDO ORFDOL]HG IRUPLQJ
VWHSV)LUVWRIDOOWKHVKHHWJHWVIL[HGLQDVKHHWFODPSLQJ
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V\VWHP VHH )LJ  OHIW 7KHQ WKH XQLYHUVDO &1&
FRQWUROOHG IRUPLQJ WRRO JHQHUDWHV WKH SDUW JHRPHWU\ E\
WUDYHOOLQJ DORQJ LWV RXWHU FRQWRXU OD\HUE\OD\HU $IWHU
ILQLVKLQJ RQH KRUL]RQWDO OD\HU WKH WRRO SHUIRUPV D
YHUWLFDO VWHS GRZQ DQG WKH IRUPLQJ FRQWLQXRXV LQ WKH
QH[WOD\HU7KLVSURFHVVSURFHHGVXQWLOWKHSDUWJHRPHWU\
LV IRUPHG FRPSOHWHO\ VHH )LJ  ULJKW 7KH VKHHW
FODPSLQJ V\VWHP LV VWHSE\VWHS IROORZLQJ WKHYHUWLFDO
VWHS GRZQ RI WKH IRUPLQJ WRRO LQ RUGHU WR NHHS WKH
XQGHIRUPHGRXWHUIUDPHRIWKHVKHHWKRUL]RQWDOO\
%\PHDQVRIWKHORFDOL]HGIRUPLQJVWHSVWKHSURFHVV
IRUFHV DUH LQGHSHQGHQW IURP WKH SDUW VL]HV'XH WR WKDW
DQGGXH WR WKH ORZJHRPHWU\VSHFLILF WRROLQJHIIRUW WKH
SURFHVV LV YHU\ IOH[LEOH UHJDUGLQJ SDUW JHRPHWULHV DQG
GLPHQVLRQV)XUWKHUPRUHWKHSURFHVVFDQEHDSSOLHGRQ
FRQYHQWLRQDO &1& PLOOLQJ PDFKLQHV ZLWK PLQRU
PRGLILFDWLRQV

VKHHWSDUWLDOGLH
VWUHWFKIRUPLQJV\VWHP
VKHHWFODPSLQJ
PDFKLQHEDVH
PDFKLQH
WDEOH
IRUPLQJ
WRRO
D[LV
PDFKLQHKHDG
PDFKLQHEDVH
VW
DU
WR
IS
UR
FH
VV
HQ
G
RI
S
UR
FH
VV

)LJ3ULQFLSOHRIWKHDSSOLHGWZRSRLQWLQFUHPHQWDOVKHHWIRUPLQJ
SURFHVV
,Q WKHGHVFULEHGYDULDQWRI WKH,6)SURFHVVDVXSSRUW
XQGHUQHDWKWKHVKHHWLVPDQGDWRU\DWOHDVWDWWKHKLJKHVW
SRLQW RI WKH JHRPHWU\ DQG LQ FDVH RI GLVFRQWLQXLWLHV LQ
WKH SDUW FXUYDWXUH 7KH WRROV GHVLJQHG IRU WKLV SXUSRVH
DUHUHIHUUHGWRDVSDUWLDOGLHV
$W WKH EHJLQQLQJRI WKH UHVHDUFKZRUN DQ DGMXVWDEOH
SDUWLDO GLH ZLWK DQ DGGLWLRQDO VXSSRUW RI WKH S\UDPLG
HGJHVKDGEHHQGHYHORSHGVHH)LJOHIW


)LJ$GMXVWDEOHSDUWLDOGLHZLWKDGGLWLRQDOVXSSRUWRIWKHS\UDPLG
HGJHVOHIWXQLYHUVDOSDUWLDOGLHULJKW
7KH VXSSRUW RI WKH S\UDPLG HGJHV LPSURYHV WKHLU
JHRPHWULFDO DFFXUDF\ DQG UHGXFHV WKH WHQGHQF\ RI
EXFNOLQJ LQ WKH VLGHZDOOV 1HYHUWKHOHVV WKH
GLVDGYDQWDJHV RI WKH FRQFHSW DUH WKH WLPHFRQVXPLQJ
DGMXVWPHQW RI WKH HGJH VXSSRUWLQJ EDUV DQG WKH ORZ
VWDELOLW\ RI WKH FRQVWUXFWLRQ FDXVHG E\ WKH SURYLGHG
RSWLRQIRUVWHSOHVVDGMXVWPHQW
,Q RUGHU WR UHGXFH WKH WRRO VHWXS WLPH DQG WKXV
LQFUHDVH WKH HFRQRPLF IHDVLELOLW\ RI WKH PDQXIDFWXULQJ
FKDLQDQHZFRQFHSWIRUDXQLYHUVDOSDUWLDOGLHKDVEHHQ
GHYHORSHGVHH)LJULJKW&RQVLGHULQJWKHIDFWWKDWD
ORZHU DFFXUDF\ RI WKH S\UDPLG HGJHV LV DFFHSWDEOH IRU
WKHSUHVHQWFDVHRIDSSOLFDWLRQDVXSSRUWRIWKHS\UDPLG
HGJHV LV QRW PDQGDWRU\ $GGLWLRQDOO\ DQ LPSRUWDQW
GHILQLWLRQ KDV EHHQ PDGH LQ WKH FRQFHSW SKDVH $OO
S\UDPLGV VKRXOG IHDWXUH WKH VDPH KH[DJRQ DW WKH WRS
DQG WKH LQGLYLGXDOL]DWLRQ LV H[SUHVVHG RQO\ LQ WKH VLGH
ZDOOVE\DYDULDWLRQRIWKHHGJHOHQJWKVDQGDQJOHV
7KXV ZLWK D SDUWLDO GLH VXSSRUWLQJ RQO\ WKH
VWDQGDUGL]HG KH[DJRQ DW WKH WRS RI WKH S\UDPLGV WKLV
XQLYHUVDOWRROVHWXSFDQEHXVHGIRUWKHSURGXFWLRQRIDOO
WKHLQGLYLGXDOS\UDPLGV
$Q RSWLPL]DWLRQ RI WKH IRUPLQJ SURFHVV KDG EHHQ
FDUULHG RXW LQ SUHOLPLQDU\ H[SHULPHQWV UHODWLQJ WR
JHRPHWULFDO DFFXUDF\ VKHHW WKLFNQHVV GLVWULEXWLRQ DQG
VXUIDFH TXDOLW\ DVZHOO DV HFRQRPLFDO IHDVLELOLW\ RI WKH
SURGXFWLRQ 7KH IRUPLQJ VWUDWHJ\ RSWLPL]HG LQ WKH
SUHOLPLQDU\H[SHULPHQWVVXEVHTXHQWO\KDVEHHQXVHGIRU
WKHILQDOSURGXFWLRQRIWKHS\UDPLGVVHH)LJ


)LJ3LFWXUHVIURPWKHIRUPLQJSURFHVVOHIWDQGDFRPSOHWHO\
IRUPHGS\UDPLGULJKW
,QRUGHUWRHQVXUHWKDWWKHODUJHQXPEHURILQGLYLGXDO
FRPSRQHQWV FDQ EH DVVHPEOHG ZLWK HDFK RWKHU WKH
HVVHQWLDO DVSHFW RI WKH JHRPHWULFDO DFFXUDF\ LV WKH
H[DFWQHVV RI WKH OHQJWKV RI HDFK FRXSOHG FRPSRQHQW
HGJHV 0HDVXUHPHQWV RI WKH OHQJWK RI DOO HGJHV DW D
VDPSOHRISURGXFHGSDUWVSURYHGDPD[LPXPGHYLDWLRQ
IURP WKH GHVLUHG YDOXHV RI OHVV WKDQ   VR WKDW WKH
IHDVLELOLW\RIWKHDVVHPEO\ZDVDVVXUHG
,Q WHUPV RI WKH HFRQRPLFDO IHDVLELOLW\ WKH WRROLQJ
FRVWVDQGWKHVHWXSWLPHKDVEHHQUHGXFHGDSSO\LQJWKH
FRQFHSW RI D XQLYHUVDO SDUWLDO GLH )XUWKHUPRUH WKH WRRO
VSHHGDQGWKHYHUWLFDOVWHSGRZQKDYHEHHQLQFUHDVHGDV
IDUDVSRVVLEOHZLWKUHJDUGWRWKHSURFHVVIRUFHVDQGWKH
WULERORJLFDO SHUIRUPDQFH 7KH SURGXFWLRQ RI WKH
S\UDPLGV KDV EHHQ FDUULHG RXWZLWK D WRRO VSHHG RI 
PPLQ DQG D YHUWLFDO VWHS GRZQ RI PP EHWZHHQ WKH
KRUL]RQWDOFRQWRXUOLQHV
%\PHDQVRIWKHLQFUHDVHGVWHSGRZQWKHDSSHDUDQFH
RI JURRYHV RQ WKH VKHHW VXUIDFH FDQQRW EH DYRLGHG
1HYHUWKHOHVVDQHYHQO\VWUXFWXUHGDQGVDWLVI\LQJVXUIDFH
TXDOLW\IRUWKHFDVHRIDSSOLFDWLRQKDGEHHQREWDLQHG
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0HDVXUHPHQWV RI WKH VKHHW WKLFNQHVV GLVWULEXWLRQ
FRQILUPDVKHHWWKLQQLQJDVDIXQFWLRQRIWKHZDOODQJOH
7KHPLQLPXPVKHHWWKLFNQHVVRIPPRFFXUUHGDWWKH
VWHHSHVWZDOO DQJOH RI DOO S\UDPLGVZKHUHDV WKH LQLWLDO
VKHHWWKLFNQHVVZDVPP
6XEVHTXHQWO\WRWKHIRUPLQJSURFHVVVWLOOLQWKHVDPH
PDFKLQH VHWXS WKUHH KROHV DUH GULOOHG LQWR WKH WRS RI
HDFKS\UDPLGVHH)LJULJKW:KLOH WKHKROH LQ WKH
PLGGOHLVQHFHVVDU\IRUWKHDVVHPEO\WKHRWKHUWZRKROHV
DUH XVHG WR FOHDUO\ UHSRVLWLRQ WKH FRRUGLQDWH V\VWHP LQ
WKH IROORZLQJ SURFHVV VWHS+HQFHZLWK WKH KHOS RI DQ
DGDSWHUWKHS\UDPLGVFDQEHSRVLWLRQHGDQGFODPSHGIDVW
DQG HDVLO\ LQ WKH PDFKLQH VHWXS RI WKH ODVHU FXWWLQJ
SURFHVV7KLVOHDGVWRDIXUWKHUUHGXFWLRQLQVHWXSWLPH
$IWHU WKH ODVHU FXWWLQJ WKH VWLIIHQLQJDQG MRLQLQJ OLSV
DW WKH FLUFXPIHUHQWLDO HGJHV RI WKH S\UDPLG DUH EHQGHG
XVLQJDVZLQJIROGLQJPDFKLQH
$Q RYHUYLHZ RI WKH HQWLUH SURFHVV FKDLQ IRU WKH
PDQXIDFWXULQJRIWKHS\UDPLGVLVGHSLFWHGLQ)LJ

'HVLJQ 'HWDLOLQJVRIWZDUHWRRO &$'&$0 )RUPLQJ
/DVHUFXWWLQJ)ROGLQJRIMRLQLQJOLSV$VVHPEO\ 
)LJ3URFHVVFKDLQIRUWKHSURGXFWLRQRIVHOIVXSSRUWLQJ
DUFKLWHFWXUDOIUHHIRUPVWUXFWXUHV
6XPPDU\DQGRXWORRN
$V D VXPPDU\ LW FDQ EH VWDWHG WKDW WKH GHYHORSHG
FRQVWUXFWLRQ FRQFHSW HQDEOHV WKH UHDOL]DWLRQ RI VHOI
VXSSRUWLQJ OLJKWZHLJKW VWUXFWXUHV IRU URRI DQG IDoDGH
FRQVWUXFWLRQVDVLWKDVEHHQSURYHQZLWKWKHH[DPSOHRI
WKHSURWRW\SHEXLOGLQJ%\PHDQVRIWKHFRPELQDWLRQRI
WHVVHOODWLRQDQGIROGLQJFRPSOH[VKDSHGVXUIDFHVFDQEH
DSSUR[LPDWHG ZLWK VLQJOH FRPSRQHQWV DQG VWLIIHQHG LQ
WKHPDQQHU WKDW DPDWHULDO FRQVXPLQJ VXEVWUXFWXUH FDQ
EH DYRLGHG 7KLVZD\ DQ HIILFLHQW OLJKWZHLJKW IUHHIRUP
VWUXFWXUHKDGEHHQFUHDWHGZLWKDVXUIDFHVSHFLILFZHLJKW
RIOHVVWKDQNJPð
:LWKWKHLQWHJUDWLRQRIIXUWKHUWHFKQLFDODQGSK\VLFDO
IXQFWLRQDOLWLHV VXFK DV KHDW DQG VRXQG LQVXODWLRQ RU
WUDQVOXFHQF\ WKH LQQRYDWLYH DSSURDFK FDQ EH HQKDQFHG
WRZDUGVDIXOO\IOHGJHGEXLOGLQJVNLQ
7KHGHYHORSHGMRLQLQJDQGDVVHPEO\FRQFHSWHQDEOHV
DVXFFHVVIXODVVHPEO\RIWKHVLQJOHFRPSRQHQWV
7KHGHYHORSHGIOH[LEOHPDQXIDFWXULQJFKDLQEDVHGRQ
WKH ,6) SURFHVV LV IHDVLEOH IRU WKH SURGXFWLRQ RI WKH
IDoDGH HOHPHQWV DQG HYHQ DOORZV IRU WKH UHDOL]DWLRQ RI
IUHHIRUP GHVLJQV ZLWK D ODUJH QXPEHU RI LQGLYLGXDO
FRPSRQHQWV
7KH DSSOLFDWLRQ RI D XQLYHUVDO GLH IRU DOO S\UDPLGV
WKHDGDSWHUXVHGIRUWKHUHRULHQWDWLRQRIWKHS\UDPLGVIRU
WKH ODVHU FXWWLQJ SURFHVV DV ZHOO DV WKH DYRLGDQFH RI
FROOLVLRQV LQ WKH IROGLQJ SURFHVV ZLWK WKH KHOS RI WKH
VRIWZDUHWRROFDQEHHPSKDVL]HGDVVXFFHVVIXOH[DPSOHV
RI WKHKROLVWLFRSWLPL]DWLRQRI WKHPDQXIDFWXULQJFKDLQ
6XFK DQ RSWLPL]DWLRQ FDQ RQO\ EH UHDFKHG ZKHQ WKH
HQWLUH SURFHVV FKDLQ IURP WKH LQLWLDO GHVLJQ WR WKH
SURGXFWLRQ DQG WR WKH ILQDO DVVHPEO\ ZLWK DOO LWV
LQWHUDFWLRQVLVDQDO\]HGDQGDWWXQHG
$Q LQWHJUDWLRQ RI IXUWKHU SURFHVV VWHSV LQWR WKH
IRUPLQJPDFKLQH HJ ODVHU FXWWLQJ DQGRU IROGLQJ FDQ
SURYLGH WKH SRWHQWLDO WR IXUWKHU VSHHGXS WKH SURGXFWLRQ
DQGORZHUWKHSURGXFWLRQFRVWV
7KH GHYHORSHG PDQXIDFWXULQJ FKDLQ IRU WKH
SURGXFWLRQ RI LQGLYLGXDO FODGGLQJ HOHPHQWV RSHQV QHZ
RSSRUWXQLWLHVIRUWKHPRGHUQDUFKLWHFWXUHDQGWKHGHVLJQ
VHFWRU LQ WHUPV RI OLJKWZHLJKW FRQVWUXFWLRQV ZLWK
IUHHIRUPJHRPHWULHV
$FNQRZOHGJHPHQWV
7KH SUHVHQWHG UHVHDUFK ZRUN LV EDVHG RQ WKH
LQYHVWLJDWLRQV RI WKH SURMHFW ³8QWHUVXFKXQJHQ ]XU
+HUVWHOOEDUNHLW YRQ )UHLIRUP)DVVDGHQHOHPHQWHQ DOV
IUHLWUDJHQGH6WUXNWXURKQH8QWHUNRQVWUXNWLRQ DXVQLFKW
URVWHQGHP6WDKOPLWWHOVLQNUHPHQWHOOHU%OHFKXPIRUPXQJ
,%8´SURMHFWQU17KHDXWKRUVZDQWWRWKDQN
WKH*HUPDQDOOLDQFHIRULQGXVWULDOUHVHDUFK$L)IRUWKH
IXQGLQJDQGWKH*HUPDQFRPPLVVLRQIRUVWHHOVWUXFWXUHV
'$6W DV ZHOO DV WKH UHVHDUFK DVVRFLDWLRQ IRU VWHHO
DSSOLFDWLRQV )267$ IRU VXSSRUWLQJ WKH SURMHFW
$GGLWLRQDOO\ WKH DXWKRUV ZDQW WR WKDQN WKH FRPSDQLHV
7K\VVHQ.UXSS1LURVWDDQG%|OOKRIIIRUWKHVXSSRUWZLWK
PDWHULDODQGHTXLSPHQW
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